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(54) Data processing circuit, microcomputer, and electronic equipment 

(57) The data processing circuit of this invention 
enables efficient description and execution of processes 
that act upon the stack pointer, using short instructions. 
It also enables efficient description of processes that 
save and restore the contents of registers, increasing 
the speed of processing of interrupts and subroutine 
calls and returns. A CPU that uses this data processing 
circuit comprises a dedicated stack painter register SP 
and uses an instruction decoder to decode a group of 
dedicated stack pointer instructions that specify the SP 
as an implicit operand. This group of dedicated stack 
pointer instructions are implemented in hardware by 
using general-purpose registers, the PC, the SP, an 
address adder, an ALU, a PC incremented internal 
buses, internal signal lines, and external buses. This 
group of dedicated stack pointer instructions comprises 
SP-relat'rve load instructions, stack pointer move 
instructions, a call instruction, a ret instruction, a 
sequential push instruction, and a sequential pop 
instruction. 
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(54) Data processing circuit, microcomputer, and electronic equipment 



(57) The data processing circuit of this invention 
enables efficient description and execution of processes 
that act upon the stack pointer, using short instructions. 
It also enables efficient description of processes that 
save and restore the contents of registers, increasing 
the speed of processing of interrupts and subroutine 
calls and returns. A CPU that uses this data processing 
circuit comprises a dedicated stack painter register SP 
and uses an instruction decoder to decode a group of 
dedicated stack pointer instructions that specify the SP 
as an implicit operand. This group of dedicated stack 
pointer instructions are implemented in hardware by 
using general-purpose registers, the PC, the SP, an 
address adder, an ALU. a PC incrementer, internal 
buses, internal signal lines, and external buses. This 
group of dedicated stack pointer instructions comprises 
SP-relative load instructions, stack pointer move 
instructions, a call instruction, a ret instruction, a 
sequential push instruction, and a sequential pop 
instruction. 
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Description 

Background of the invention 
5 Held of the Invention 

This invention relates to a data processing circuit, a microcomputer incorporating this data processing circuit, and 
electronic equipment that is constructed by using this microcomputer. 

10 Description of Related Art 

In the prior art a RISC microcomputer that is capable of manipulating 32-bit data uses fixed-length instructions that 
are 32 bits wide This is because the use of fixed-length instructions enables a reduction in the time required for decod- 
ing the instructions in comparison with the use of variable-length instructions, and it also makes it possible to reduce 
75 the size of the circuitry of the microcomputer. 

However, even with a 32-bit microcomputer, it isn't always necessary to use the full 32 bits. Thus, if all of the instruc- 
tions are written as 32-bit instructions, many of them will contain unused portions so that memory will be used ineffi- 
ciently 

The present inventors have investigated the idea of a microcomputer that handles fixed-length instructions of a bit 
20 width that is narrower than that of the executable data, to improve the usage efficiency without making the control cir- 
cuitry more complicated. 

However, simply cutting 32-bit fixed-length instructions to fit into a fixed 1 6-bit length, for example, causes problems 
as described below. 

An important feature of a RISC microcomputer is the use of general -purpose registers, whose contents have no 
25 pre-assigned meaning. Fa that reason, when a stack pointer is used, one of the general-purpose register is used as 
the stack pointer and an instruction that acts upon a general-purpose register is used to implement stack operation. 

When coding a process that takes data specified by a memory address obtained by adding a predetermined offset 
to the stack pointer and transfers it to a predetermined register, using an instruction that acts upon a general-purpose 
register, for example, it is necessary to include within the object code of that instruction the offset, data specifying the 
30 predetermined register, and data specifying the register to be used as the stack pointer. 

Thus if an instruction that acts upon a general-purpose register is used when coding a process that acts upon the 
stack pointer, a large amount of data has to be specified in the object code, making it difficult to code the details of the 
instruction within a 1 6-bit fixed-length. Increasing the instruction length to 32 bits, for example, would result in a large 
number of instructions that do not particularly need the entire 32 bits, so that many instructions will contain unused por- 
35 tions. leading to a decrease in the efficiency with which memory is used. 

In addition, increasing the instruction length will also increase the amount of memory required for storing such 
instructions, so it is preferable from the point of view of efficient use of memory to not only use fixed-length instructions, 
but also make the instructions as short as possible. 

When a program is executed that was written in a language that secures a storage region for auto-variables linked 
40 to the stack pointer, such as programming language C. there are many instructions that act upon the stack pointer, so 
it is preferable to have efficient coding and execution of instructions that act upon the stack pointer. 

In that case, it is therefore preferable to have an architecture that enables the coding and execution of instructions 
that are as short as possible, when executing a process that acts upon the stack pointer. 

It has become common recently to incorporate general-purpose registers internally, particularly with a RISC CPU, 
45 to increase capabilities. Providing a large number of registers internally makes it possible for many processes to be exe- 
cuted rapidly within the CPU itself . without having to access memory. If such a large number of internal registers is pro- 
vided, a large number of registers have to be saved during the process of register save and restoration when an 
interrupt is processed or a subroutine is called. 

The description now turns to a prior-art example of instructions that save and restore the contents of registers, fre- 
so quently used when entering and leaving a subroutine, even within stack-related instructions. 

The instruction set of a microcomputer usually has instructions for saving and restoring the contents of registers in 
the CPU to and from a stack provided in memory. These are either dedicated instructions or instructions that address 

reaisters indirectly. . 

In the Intel 80386 chip, push, pusha. and pushad instructions are available for writing the contents of registers to 
55 the stack, and pop. popa. and popad instructions are available for returning data from the stack to registers. 

When the contents of a register are written to the stack by the push instruction, the register has to be specified as 
an operand, such as 'push EAX/ This example concerns a 32-bit register EAX. If the contents of registers EAX. ECX, 
EDX, and EBX are all to be written to the stack, this push instruction must be repeated, as follows: 
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push EAX 
push ECX 
push EDX 
push EBX 

If such push and pop instructions are used for each of the registers, the size of the object code increases and a 
large number of program execution steps is required, leading to delays in the execution time or processing of the pro- 
gram. 

That is why the pusha or pushad instruction is used to write the contents of all eight of the general-purpose regis- 
ters of the 80386 to the stack, pusha operates on the lower 16 bits of each of the eight registers, and pushad operates 
on the entire 32 bits. The use of pusha and pushad can remove the need to repeat the push instruction eight times. 
The pop popa, and popad instructions act in a similar manner. 

Disadvantages of repeating the push instruction include the increased length of program code and the delays in 
execution caused by executing a fetch for each instruction. From this point of view, the pusha and pushad instructions 
provide a large improvement when writing the contents of all eight registers to the stack. However, this is not an advan- 
tage when writing fewer than the eight registers, such as four or six registers. 

In other words, if the pusha. pushad, popa. and popad instructions of the 80386 operate upon all of the registers 
instructions with delayed cycle lengths must be used when there is no need to save and restore the contents of all o 
the registers. In such a case, one instruction will suffice, but this gives rise to a problem in that the execution cycle of 
20 that instruction takes too long. 

Similar saving and restoration of the program counter is necessary when program flow branches to a subroutine 
and returns from the called routine, using instructions such as the call instruction and ret instruction. With a RISC CPU 
of the prior art these processes are implemented by software. In other words, the program counter is saved and 
restored by executing assembler instructions (object code) that declare these processes. This leads to an increase in 
object code of the call and ret instructions, and the execution of a fetch for each instruction makes the execution speed 
sluggish. 

Summary of the Invention 

An objective of this invention is to provide a data processing circuit, microcomputer, and electronic equipment hav- 
ing an architecture that enables efficient coding of processes that act upon the stack pointer within a short instruction 

length, for execution. 

Another objective of this invention is to provide a data processing circuit, microcomputer, and electronic equipment 
that enables efficient coding of processes that save and restore the contents of registers, with fast processing of mter- 
35 rupts and subroutine calls and returns. 

In order to achieve the above objectives, a first aspect of this invention provides a data processing circuit compris- 
ing: 

a dedicated stack pointer register that is used only for the stack pointer; 
40 decoding means for decoding object code of a group of dedicated stack pointer instructions which have object code 
specifying the dedicated stack pointer register as an implicit operand and which relate to processing based on the 
dedicated stack pointer register, and for outputting a control signal based on the object code; and 
execution means for executing the group of dedicated stack pointer instructions based on the control signal and the 
contents of the dedicated stack pointer register. 

In this document, "object code" generally refers to program code obtained as a result of translation into machine 
language by a translation program. With reference to the present invention, it is used in a broad sense to comprise all 
program code written in machine language, irrespective of whether this is done by a translation program. 

The data processing circuit of this invention is configured that a group of dedicated stack pointer instructions having 
so a dedicated stack pointer register that is used only for the stack pointer and acting upon the dedicated stack pointer reg- 
ister are decoded and executed. 

Since this group of dedicated stack pointer instructions has dedicated op code that specifies manipulation of the 
dedicated stack pointer register, it is not necessary to specify the stack pointer in the operands of the object code. That 
is to say, this group of dedicated stack pointer instructions uses the dedicated stack pointer register as an implicit oper- 
55 and This makes it possible to write shorter instructions for manipulating the stack pointer, in comparison with an stack 
pointer manipulation in which one of the general-purpose registers is allocated to the stack pointer and instructions that 
act upon that general-purpose register are used. 

The present invention therefore makes it possible to provide a data processing circuit that is capable of coding and 
executing shorter instructions for processes that act upon the stack pointer. It also enables the provision of a data 
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processing circuit that makes efficient use of the memory. 

In a second aspect of this invention, the group of dedicated stack pointer instructions comprises a load instruction 
having data for specifying a transfer register within object code; 

the decoding means decodes the load instruction; and 

the execution means performs at least one of a transfer of data from a given first area in memory to a given first 
register and a transfer of data from the given first register to the given first area, based on a memory address spec- 
ified by the dedicated stack pointer register and a register address specified by the data for specifying a transfer 
register, when the load instruction is executed. 

In this case, the load instruction comprised within the group of dedicated stack pointer instructions is an instruction 
for transferring data between memory and a register, which means at least one of a transfer from memory to the register 
and a transfer from the register to memory. Note that this concept also comprises address data, irrespective of the con- 
tents of the data. A memory address is an address for specifying an area in memory during data transfer. 

Since this load instruction has dedicated op code that specifies an operation relating to the dedicated stack pointer 
register, it is not necessary to have data specifying the stack pointer in the operands of the object code. It is therefore 
possible to code within a short instruction length when performing transfers of data between a register and an area in 
memory having a memory address linked to the stack pointer. 

In a third aspect of this invention, the load instruction comprises offset data within the object code that is data relat- 
20 ing to an offset for specifying the address of the first area in the memory; and 

the execution means determines the memory address according to the contents of the dedicated stack pointer reg- 
ister and the offset data. 

25 in this case, offset data could be an offset that is specified directly as immediate data, or it could be specified indi- 
rectly by means such as specifying the address of a register or the like containing the offset. When this load instruction 
comprising offset data is executed, the memory address necessary for the data transfer is determined on the basis of 
the contents of the dedicated stack pointer register and the offset data. 

This means that instructions can be coded within a short length, for the transfer of data between a register and an 
30 area in memory having a memory address that is determined on the basis of the stack pointer and the offset data. 

This invention makes it possible to specify any area in the stack, by specifying appropriate offset data, even with a 
data processing circuit that is configured in such a manner that the stack pointer always indicates a word boundary. 
Thus the data can be stored in the stack efficiently according to size, enabling an increase in the usage efficiency of the 

stack. , . , 4 . . 

35 In a fourth aspect of this invention, the offset data comprises immediate offset data and data size information relat- 
ing to the size of given data in memory; and 

the execution means creates an offset by performing a leftward logical shift on the immediate offset data, based on 
the immediate offset data and the data size information, and determines the memory address by adding the offset 
ao to the contents of the dedicated stack pointer register. 

In this case, the immediate offset data is an offset that is specified directly by immediate data, "me data size infor- 
mation is the size of data in memory to be transferred. The data size is usually represented as 2 n (where n is greater 
than 3). such as 8-bit byte data, 1 6-bit half-word data, or 32-bit word data. Addresses in memory are given in byte units. 
45 so that half-word data is placed at half-word boundaries and word data is placed at word boundaries. This means that 
the least significant bit of the memory address of half-word data is 0 and the least significant two bits of the memory 
address of word data are 00. Since the address of the stack pointer indicates a word boundary, the least significant bit 
of the offset is 0 when creating a memory address for half-word data and the least significant two bits of the offset are 
00 when creating a memory address for word data. 
so A leftward logical shift means moving the bit string of the data to the left and inserting zeros into the bits on the 
right-hand end of the data that are made vacant by the shift (shift-in bits). 

This aspect of the invention makes it possible to code immediate offset data without the lower bits that are deter- 
mined unambiauouslv by the data size, because the immediate offset data is shifted to the left in accordance with.the 
; ' : "date size. Tnis means that the immediate off 
55 in cases in which the data size is specified as is. even H the data size is not bytes. 

The use of these instructions makes it possible to select boundary locations that are matched to the size of data 
when that data is written to memory or read therefrom. 

In a fifth aspect of this invention, the group of dedicated stack pointer instructions comprises a stack pointer move 
instruction for having move data within the object code thereof and for moving the stack pointer; 
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the decoding means decodes the stack pointer move instruction; and 

the execution means modifies the contents of the dedicated stack pointer register based on the move data when 
the stack pointer move instruction is executed. 

Since this stack pointer move instruction has dedicated op code that specifies manipulation of the dedicated stack 
pointer register, data for specifying the stack pointer in the operands of the object code is not necessary. Th.s makes it 
possible to code within a short instruction length, when it is desired to move the stack. Thus the amount of instruction 
coding can be reduced for processes involving data stored in the stack and data that is stored linked to the stack pointer 

Since this aspect of the invention makes it possible to move the stack in a simple manner, it is particularly effective 
for processes that secure different stack areas for different individual routines. In other words, addresses can be spec- 
ified over a wide region by moving the stack pointer for each routine, as appropriate. 

In a sixth aspect of this invention, the move data comprises immediate data fa the stuck pointer move instruction; 

and 

the instruction execution means performs at least one of a process of adding the immediate data for the stuck 
pointer move instruction and the contents of the dedicated stack pointer register and a process of subtracting the 
immediate data for the stuck pointer move instruction from the contents of the dedicated stack pointer register. 

This aspect of the invention makes it possible to code shorter instruction length for processes that move the stack 
pointer upward or downward by an amount specified by the immediate data for the stuck pointer move instruction. 
In a seventh aspect of this invention, the data processing circuit further comprises: 

a plurality of registers provided in a contiguous sequence; 

wherein the group of dedicated stack pointer instructions comprises at least one of a sequential push 
instruction and a sequential pop instruction having data for specifying a plurality of registers in the object code 

the decoding means decodes at least one of the sequential push instruction and the sequential pop instruction; and 
the instruction execution means performs at least one of a process of executing a plurality of sequential pushes of 
data from the plurality of registers to a stack provided in memory and a process of executing a plurality of sequential 
pops of data from the stack to the plurality of registers, based on the contents of a memory address specified by 
the dedicated stack pointer register and the data for specifying a plurality of registers, during the execution of at 
least one of the sequential push instruction and the sequential pop instruction. 

A push means the storage of data at the top of a stack provided in memory, and a pop means the fetching of data 
from this stack. In this case, each of the push processing and pop processing comprises this process of storing or fetch- 
ing data and the corresponding updating of the stack pointer. An ordinary data processing circuit has a push instruction 
for storing data or an address from one register to the stack, and a pop instruction for fetching the contents of the stack 
to a register. Each push and pop instruction transfers data between the register and the stack and updates the stack 
pointer in correspondence with this transferring. 

This means that is it necessary to execute these instructions repeatedly when transferring data between a plurality 

of registers and the stack. . 

However, the execution of the sequential push instruction or sequential pop instruction of this aspect of the inven- 
tion provides'the same effect as executing a plurality of push instructions or a plurality of pop instructions in sequence. 
In other words it is possible to execute a single instruction to move data between a plurality of registers and the stack, 
and also update the stack pointer correspondingly. This makes K possible to avoid the increase in size of the object code 
caused by repeated execution of the push or pop instruction, when transferring data between a plurality of registers and 
the stack. This also enables an increase in the speed of processing interrupts and subroutine calls and returns, without 
increasing the number of execution steps in the program and without any wasted cycles. 

The data processing circuit of an eighth aspect of this invention further comprises: 

n general-purpose registers specified by register numbers 0 to n-1 ; 

wherein object code of at least one of the sequential push instruction and the sequential pop instruction 
comprises aJinal register number to which one of the register numbers is specified, as the data for specifying a plu- 
rality of registers; and 

the execution means performs at least one of a process of executing a plurality of sequential pushes of data into a 
stack provided in memory from a plurality of registers starting from register 0 to a register specified by the final reg- 
ister number and a process of executing a plurality of sequential pops of data from the stack to a plurality of regis- 
ters starting from register 0 to a register specified by the final register number, based on the contents of a memory 
address specified by the dedicated stack pointer register. 
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When there are plurality of general-purpose registers, there are usually addresses for specifying these registers. 
This invention specifies these registers by register number, in continuous sequence from 0 to n-1. 

This aspect of the invention makes it possible to execute at least one of a push or pop of data between memory 
and a plurality of continuous registers from register 0 to the register with a final register number, by specifying any reg- 
s ister number as the final register number. Therefore, the contents of registers can be saved and restored efficiently dur- 
ing the execution of a program having a structure that uses registers in sequence from register number 0. 

In a ninth aspect of this invention, the execution means comprises: 

write means for writing the contents of a given register that is one of the plurality of registers to a stack provided in 
10 memory, based on a memory address specified by the dedicated stack pointer register; 

number-of-times-written count means for counting the number-of-times-written of the write means; and 
comparison means for comparing the number-of-times-written counted by the count means with the value of the 
data for specifying a plurality of registers; 

wherein the write means comprises: 
write memory address generation means for adding a first input and a second input by an adder, and for generating 
a write memory address for specifying a write destination; 

first input control means for providing control such that the first input of the adder is the contents of the dedicated 
stack pointer register at the start of execution of a sequential dedicated instruction, and is a write address gener- 
ated subsequently by a write address generation means; 

second input control means for outputting an offset used during the writing of one word from the stack to the second 
input of the adder; and 

write means for writing to the stack the contents of a register specified by subtraction processing which uses the 
data for specifying a plurality of registers and the number-of-times-written, based on the write memory address; 

whereby the writing of the contents of the plurality of registers to the stack and the ending of the writing are 
controlled based on the comparison result of the comparison means. 

In a tenth aspect of this invention, the instruction execution means comprises: 

read means for reading the contents of a stack provided in memory based on a memory address specified by the 
dedicated stack pointer register, and storing the contents in a given register of the plurality of registers; 
number-of-times-read count means for counting the number-of-times-read of the read means; and 
comparison means for comparing the number-of-times-read counted by the count means with the value of the data 
for specifying a plurality of registers; 

wherein the read means comprises: 
write memory address generation means for adding a first input and a second input by an adder, and for generating 
a write memory address for specifying a write destination; 

first input control means for providing control such that the first input of the adder is the contents of the dedicated 
stack pointer register at the start of execution of a sequential dedicated instruction, and is a read address gener- 
ated subsequently by a read address generation means; 

second input control means for outputting an offset used during the writing of one word from the stack to the second 
input of the adder; 

read means for reading the contents of the stack based on the read memory address and storing the contents in a 
register specified based on the numberof-times-written; 

whereby the reading of the contents of the stack and the ending of the reading are controlled based on the 
45 comparison result of the comparison means. 

This configuration makes it possible to implement the saving to the stack of the contents of a plurality of registers 
specified by linked sequential values and the restoration of data to a plurality of registers specified by linked sequential 
values, using only a count means and a simple sequence controller. Since this makes it possible to provide a data 
so processing circuit with a small number of gates, this invention can be applied to one-chip microcomputers or the like. 

An eleventh aspect of this invention further comprises: 

a program counter register used only for the program counter; 

wherein the group of dedicated stack pointer instructions comprises branch instructions that are an mstruc- 
55 tion for branching to a subroutine and a return instruction from the subroutine; 
the decoding means decodes the branch instructions; 
the instruction execution means comprises: 

means for executing at least one of a process of saving the contents of the program counter register to a given 
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second area of the stack provided in memory and a process of restoring the contents of the second area to the 
program counter register, based on a memory address specified by the dedicated stack pointer register, dunng 
the execution of the branch instruction; and 

means for updating the contents of the dedicated stack pointer register based on the saving and restoration. 

In this case, a subroutine could be such as an interrupt processing, exception processing, or debugging processing 
routine. Therefore, an instruction for branching to a subroutine could be such as an instruction that calls a subrouhne 
or the like or a software interrupt instruction or software debugging interrupt instructs for branching to an interrupt 
processing, exception processing, or debugging processing routine. Similarly, a return instruction from the subroutine 
could be a return instruction such as from an interrupt processing, exception processing, and debugging processing 

"^'I fe usually necessary to save and restore the program counter when branching to a subroutine or returning from 

3 ^ThiSntion makes it possible to save and restore the program counter simultaneously with the execution of the 
instruction for branching to the subroutine and the instruction for returning from the subroutine. In other words, the data 
orocessinq circuit of this aspect of the invention has a circuit structure that enables the saving and restoration of the 
program counter by erther one of instruction, within an instruction for branching to a subroutine and a return .nstrucbon 
from Te Coroutine. There is therefore no need for instructions for the saving and restoration of the program counter 
which is necessary when branching to a subroutine and returning therefrom, enabling a reduction in the number of 
instructions. This makes it possible to increase the speed of processing during a branch to another routine, such as 
subroutine call and return, without wasting cycles. 

When a software interrupt instruction is generated, for example, it is necessary to save and restore the processor 
status register that holds the current state of the CPU or other data processing circuit. It is therefore preferable to per- 
form this saving and restoration of the processor status register simultaneously with the execution of an instruction such 
as a software interrupt instruction. 

A twelfth aspect of this invention relates to a data processing circuit comprising a plurality of registers provided in 
a contiguous sequence and a stack pointer allocated to one of a plurality of general-purpose registers, the data 
processing circuit further comprise: 

means for decoding object code of an instruction that is at least one of a sequential push instruction and sequential 
pop instruction that each have data for specifying a plurality of registers within object code and for outputting a con- 
trol signal on the basis of the object code; and 

means tor performing at least one of a process of executing a plurality of sequential pushes of data from the plural- 
ity of registers to a stack provided in memory and a process of executing a plurality of sequential pops of data from 
the stack to the plurality of registers, based on the control signal, the contents of a memory address specrfied by 
the dedicated stack pointer register, and the data for specifying a plurality of registers, during the execution of at 
least one of the sequential push instruction and the sequential pop instruction. 

This aspect of the invention relates to a sequential push instruction and a sequential pop instruction that are used 
when a general-purpose register is used as the stack pointer. 

The execution of this sequential push instruction or sequential pop instruction has the same effect as the execution 
of a plurality of push instructions in sequence or the execution of a plurality of pop instructions in sequence. In other 
wads, the movement of data between a plurality of registers and the stack and the corresponding updating of the stack 
pointer are enabled by the execution of single instructions. This makes it possible to avoid the increase in object code 
size caused by repeated executions of push or pop instructions, when transferring data between a plurality of registers 
and the stack. This also enables an increase in the speed of processing internets and subroutine calls and returns, 
without increasing the number of execution steps in the program and without any wasted cycles 

In a thirteenth aspect of this invention, this data processing circuit uses instructions of a RISC. 

A RISC data processing circuit is designed with the objectives of reducing the dimensions of the hardware and 
increasing the speed thereof. Thus, a RISC data circuit has many general-purpose registers. Reduction of the number 
of instructions is achieved by using only an instruction set which has universality. 

Therefore, with a RISC data processing circuit, the stack pointer is allocated to a general-purpose register andtne 
processing uses an instruction set that, acts upon this general-purpose register when manipulating the stack pointer. 
However, this method leads to an increased instruction length, so that memory is used inefficiently. 

This aspect of the invention makes it possible to increase the efficiency with which memory is used by a RISC data 
processing circuit, by reducing the instruction length. . ., , ovQ 

In the data processing circuit of a fourteenth aspect of this invention, a fixed-length instruction is decoded and exe- 
cution is based on that instruction. 

When the use of fixed-length instructions is compared with the use of variable-length instructions, it is possible to 
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shorten time required tor decoding the instructions and reduce the dimensions of the data processing drcuiti teeH-Tb 
SJSSty is used efficiently when fixed-length instructions are employed, by avcdrng the creatiorv ofunused 

that they are as short as possible. 

This aspect of the invention mates it possible to reduce the length of instructions that act upon thjr slack, pointer 
and thus tendto become too long. It is therefore possible to avoid the creation of unused portions within instructions, 
even when fixed-length instructions are employed, so that memory can be used mm effia«ri» orocessina dr . 

The microcomputer of a fifteenth aspect of this invention compnses the previously described data Processing c. 
curt ofthis inverrtor J storage means, and input and outout means for irputting data from and for outoutbng data to exter- 

10 "^TOfaspectdthe^^ 

^ in ^Sonputer of a sixteenth aspect of thte invention, a program that is executed thereby uses a program 
lannuaae that secures a storage region for auto-variables by using the stack pointer. 
TiSeo?a^ 

WheTthTZrocomputer of this invention executes a program written in such a language, the processing speed and 
memory usage efficiency can be increased effectively. 

Electronic equipment in accordance with a seventeenth aspect of this invention comprises one of the above 
described microcomputers of this invention. ..^^ 

%,is aspect o/the invention makes it possible to provide inexpensive, but sophisticated, e ectron.c equipment that 
is facilitatedby a data processing circuit that has a fast processing speed and a highly efficient usage of memory. 

Rriftt PCfjcrinti"" n< ttfi Drawings 

Fig. 1 is a schematic view of the circuit structure of a CPU in accordance with a first embodiment of this invention: 
Fig. 2 shows a register set of the CPU of this embodiment; 
Fig. 3 is a view illustrative of the basic operation of the stack pointer; 

Fig. 4 shows an example of the usage of a dedicated stack pointer instruct.cn. as well as the usage state of the 
stack provided in memory and the state of the stack pointer; 

Fig 5 is a view illustrative of the process of transfer-ring auto-variables in memory to registers; 
Figs 6A and 6B show the bit fields of an SP-relative load instruction and a general-purpose load instruction. 
Fig 7 is a flowchart illustrative of the operation during the SP-relative load instruction for reading word data; 
Fig! 8 is a flowchart illustrative of the operation during the SP-relative load instruction for wrrtmj .wore! 
Figs 9A to 9F show views illustrative of the usage state of the stack in memory and the state of the stack pointer 
during each routine of an executing program that extends over a plurality of routines; arhhmetic 
Figs. 10A and 10B show the bit fields of a stack pointer move instruction and a general immediate data arrthmetic 

Fif VUs a flowchart illustrative of the operation during the add stack pointer move instruction; 
Fig 1 2 is a flowchart illustrative of the operation during the subtract stack pointer move instruction; 
Fig. 13 is a view illustrative of program execution control during the call and ret instructions; 
Fig 1 4 shows the bits f ield of an PC-relative subroutine call instruction; 
Fig. 1 5 is a flowchart illustrative of the operation during the PC-relative subroutine call instruction; 
Fig 1 6 is a flowchart illustrative of the operation during the ret instruction; 
Figs 1 7A and 1 7B schematically show the actions during the execution of push instructions; 
Figs 1 8A and 18B schematically show the actions during the execution of pop instructions; 
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Fig. 1 9 shows the bit structure of the pushn and popn instructions; 

Fig. 20 is a block diagram of the hardware configuration required for executing the sequential push instruction 
(pushn) or sequential pop instruction (popn); 
Fig. 21 is a flowchart illustrative of the operation during the pushn instruction; 
so Fig. 22 is a flowchart illustrative of the operation during the popn instruction; and . . . 

rS. 23 is a block diagram of the hardware of a microcomputer in accordance with a second embod.ment of this 
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Descri ption of Preferred Embodiments 

Embodiments of this invention are described below with reference to the accompanying drawings. 
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Embodiment 1 

(1) Configuration of the CPU of this Embodiment 

5 The CPU of this embodiment executes virtually all of its instructions within one cycle, thanks to its pipeline and 
load/store architecture. All of the instructions are expressed as 16-bit fixed-length instructions, so that instructions proc- 
essed by the CPU of this embodiment are implemented within compact object code. 

In particular, this CPU is configured in such a manner that it has a dedicated stack pointer register to enable the 
efficient coding and execution of processes that act upon the stack pointer, ft also enables the decoding and execution 
10 of an instruction set of a group of dedicated stack pointer instructions that have object code specifying that dedicated 
stack pointer register as an implicit operand. 

A schematic view of the circuit structure of the CPU of this embodiment is shown in Fig. 1 by way of illustration, 
"mis CPU 10 conprises a register set that includes general-purpose registers 1 1 , a PC register 12 for holding the 
program counter, PSR (processor status register) 13, and a dedicated stack pointer register SP 14; an instruction 
rs decoder 20; an immediate data generator 22; an address adder 30; an ALU 40; a PC increments 44; various internal 
buses 72, 74, 76. and 78; and various internal signal lines 82, 84, 86, and 88. 

The instruction decoder 20 decodes object code that has been input, performs the processing necessary for the 
execution of the resultant instruction, and outputs any necessary control signals. Note that this instruction decoder 20 
also functions as a decoding means for decoding the object code of the above mentioned dedicated stack pointer 
20 instruction and outputting control signals on the basis of that instruction. 

The immediate data generator 22 generates 32-bit immediate data that will be used during execution, on the basis 
of immediate data comprised within the object code, and generates the 0. ±1 . ±2, and ±4 constant data that is neces- 
sary for the execution of each instruction. The PC incrementer 44 updates the program counter stored in the PC 12. on 
the basis of the execution cycles of the instructions. The address adder 30 adds the data that is stored in the various 
25 registers and the immediate data generated by the immediate data generator 22 to generate the address data required 
during the reading of data from memory. The ALU 40 performs numerical calculations and logical operations. 

This CPU also comprises internal bus and signal lines. The functions of a PA_BUS 72 and a PB_BUS 74 include 
the transfer of input signals for the ALU 40. The functions of a WW_BUS 76 include the fetching of calculation results 
from the ALU 40, to transfer them to the general-purpose registers. The functions of an XA_BUS 78 include the transfer 
30 of address data that has been fetched from the general-purpose registers 1 1 and the SP 14. An IA signal line 82 trans- 
fers address data from the various components within the CPU to an external l_ADDR_BUS 92. A DA signal line 84 
transfers address data from the various components within the CPU to an external D_ADDR_BUS 96. A DIN signal line 
86 transfers data from an external D_DATA_BUS 98 to the various components within the CPU. A DOUT signal line 88 
transfers data from the various components within the CPU to the external D_DATA_BUS 98. An IA multiplexer 83 
35 switches between signals that are to be output to the I A signal line 82 (signals on the PA_BUS 72, on the WW.BUS 76. 
from the PC 12, and a value that is the PC plus 2). A DOUT multiplexer 89 switches between signals that are to be out- 
put to the DOUT signal line 88 (signals on the PA_BUS 72, on the WW_BUS 76. from the PC 12, and the value that is 
the PC plus 2). 

Since the coirponents of the CPU 10 execute instructions on the basis of control signals that are output from the 
40 instruction decoder 20. they also function as means for executing a group of dedicated stack pointer instructions on the 
basis of the above described control signals and the contents of the dedicated stack pointer register. 

This CPU 10 transfers signals to and from the exterior through a 16-bit instruction data bus (l_DATA_BUS) 94, an 
instruction address bus (LADDR_BUS) 92 for instruction data access, the 32-bit data bus (D_DATA_BUS) 98, the data 
address bus (D_ADDR_BUS) 96 for data access, and a control bus (not shown in the figure) for control signals. 

45 

(2) Register Set of the CPU of this Embodiment 

Essential portions of the concept of the register set of the CPU of this embodiment will now be described. 
The register set of the CPU of this embodiment is shown in Fig. 2. This CPU has a register set that comprises the 
so 16 general-purpose registers 1 1, the PC 12, the PSR 13, the SP 14, ALR (arithmetic low register) 15. and AHR (arith- 
metic high register) 16. 

The general-purpose registers 1 1 are functionally equivalent to 32-bit registers and are labeled R0 to R15. These 
general-purpose registers 1 1 are used during data calculations and address computations. 

The PC 12 is a 32-brHong incremental counter that holds a program counter indicating the address of the currently 
55 executing instruction. In this document, "PC" is used when referring to the register itself and "program counter" is used 
when referring to the value stored within the PC. 

The PC 12 cannot be accessed directly by instructions such as the load instruction. With a call or int instruction, or 
when an interrupt or exception occurs, the program counter is read from the PC 1 2 and saved to the stack. In this man- 
ner, a jump destination address used when a branch instruction is executed can be set in the PC. This also happens for 
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a branch specified by a conditional branch instruction. The instruction address for the return destination is read from the 
stack by a ret or reti instruction and is replaced in the PC 1 2. 

PSR (processor status register) 13 is a 32-bit register to which a flag is allocated, and which holds ^current Sta- 
tus of the CPU. When an int instruction, an interrupt, an exception, or the like occurs, the state <rf the PSR al that point 
is saved to the stack when the flow branches to the corresponding processing routine. Conversely, the execut.on of the 
reti instruction causes the saved value to be replaced in the PSR. 

The SP H is a 32-bit dedicated stack pointer register containing the stack pointer that indicates the higher address 
of the stack In this document. SP is used when referring to the register itself and stack pointer is used when referring 
to the value stored within the SP. Note, howler, that since the stack pointer always points to a word boundary, the low- 
ermost two bits of the stack pointer are always zero. . MoAi „ taM cfarW 

This stack pointer is updated at the generation of a trap or at the execution of one of a group of dedicated stack 
pointer instructions that are provided by this embodiment. i^.Hi«.ita» 

Examples of these dedicated stack pointer instructions that update the stack pointer include inductions that 
branch to another routine, such as the call and ret instructions, a stack pointer move instruction, a pushn instruction. 
aSaw^ instruction. For instance, when the caJ. instruction is executed, the stack pointer is first decremented by an 
amounYequivalent to the word size H). then the PC 12 is saved to the stack. Conversely, when the ret instruction « 
S Se destination address for return is loaded into the PC from the stack and the stack pointer • incremented 
by an amount equivalent to the word size (+4). When an int instruction is executed, or when an interrupt or exception 
occurs, the value in the PC or PSR is saved to the stack by the following procedure: 



of the stack indicated by the stack pointer, 
of the stack indicated by the stack pointer. 



1.SP = SP-4 

2. The PC is saved at the higher 

3. SP = SP - 4 

4. The PSR is saved at the higher 

When the reti instruction is executed, the above process is reversed to restore the CPU to its original state. Thus 
the execution of the call. ret. or int instruction causes the stack pointer to be updated as appropriate for that execution. 
Details of each instruction will be given later. 

A trap function provided by this embodiment comprises interrupts that are generated asynchronously wrth the exe- 
cution of instructions and exceptions generated by the execution of instructions. When a trap is generated, the CPU 
saves PC (program counter) and PSR (process status register) to the stack then reads a vector table from a trap table 
and branches to a routine corresponding to that trap. Concomitant with the generation of the trap. IE (interrupt enable) 
bit is cleared and the generation of subsequent maskable interrupts is inhibited. Maskable external mterrupts are ena- 
bled again by using a load instruction with respect to the PSR to write 1 to the IE bit. 

The reti instruction is used to return from the trap processing routine to the original routine. When the ret. instruction 
is executed the CPU reads the PSR and PC from the stack in that order, restores the PSR to its original value and also 
branches to the return address. Note that exceptions include debugging exceptions, address misalignment exceptions, 
overflow exceptions, and zero-division exceptions. 

Detailed descriptions of ALR (arithmetic low register) 15 and ALH (arithmetic high register) 1 6 are omitted. 

The special registers PSR 13. SP 14. ALR 15. and AHR 16 of the CPU are capable of transferring data to and from 
the general-purpose registers, using load instruction. Each register has a spedal register number and is accessed by 
using that number. 



Special Register Name 


Special Register Number 


Assembler Mnemonic 


Process status register 


0 


%PSR 


SP 


1 


%SP 


Arithmetic low register 


2 


%ALR 


Arithmetic high register 


3 


%AHR 



(3) Description of Stack and Stack Pointer 



The stack is a temporary storage region provided in memory. It is a contiguous region in which data is written from 
the bottom up. as if stacked in a rack The stack pointer indicates the address of the data at the top of the stack, that .s. 
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the data that was written most recently into the stack. 

The basic operation of the stack pointer will now be described with reference to Fig. 3. 

Reference Tumber 1 00 in Fig. 3 denotes a stack region provided in memory. A hatched portion 102 represents data 
that was most recently stored in this region, and a memory address 1000 indicates that data. Note that a 'eg-onlW 
below the hatched portion 102 contains data that has already been stored and a portion 1 06 above the hatched portion 
102 is available for storing data in the future. 

The stack pointer always indicates a word boundary. This means that, when data is written to the stack, the stock 
pointer within the SP 14 moves upward by 4 and the data is stored at the location indicat«J by that stack pointer. When 
data stored in the stack is fetched, it is the data at the address indicated by the current SP 14 that is fetched and the 
stack pointer stored in the SP H moves downward by 4. In this manner, the stack pointer always indicates the storage 
address of the data that was stored most recently in the stack. 

(4) Description of Group of Dedicated Stack Pointer Instructions 

A RISC CPU always uses a general-purpose register as the stack pointer. This embodiment has the SP 14. which 
is a dedicated stack pointer register, which is operated upon by the previously mentioned group of dedicated stack 

^' n ThisTo U uTof dedicated stack pointer instructions is a generic name for a number of instructions that access the 
SP 14 as an implicit operand and perform operations on the SP 14. The group of dedicated stack pointer msfrucbons 
comprises inZctions that branch to other routines, such as SP-relative load instructions (Id. etc.) stack pointer move 
Sructions (add. sub), instructions for branching to subroutines (call, etc.). and return instructs (ret. etc.); a sequen- 
tial push instruction (pushn); and a sequential pop instruction (popn). 

'what these instructions have in common is that they are dedicated stack p«nter instruct.ons so there is n meed 
for data specifying the stack pointer in the object code. Another common feature b that they enable the efficient coding 
in short instructions of processes that use the stack pointer. 

The use of these instructions makes rt possible to efficiently process data that is stored in a stack provided in mem- 
ory. Interrupt and subroutine call/return processes can also be performed efficiently. 

An example of the usage of these dedicated stack pointer instructions when a subroutine is called willnowbe 
described with reference to Fig. 4. This figure also shows the usage state of the stack provided in rrwmory and the state 
of the stack pointer. A MAIN program 500 and a subroutine 520 of Fig. 4 are written as object code created by a C com- 
piler. Reference number 540 denotes the state of a stack in memory. Reference number 502 indicates that processing 
is being performed, using the general-purpose registers RO to R3. Reference number 506 denotes a subroutine call 
iretruction Before the subroutine call instruction is executed by the MAIN program 500. in other wads, after the previ- 
ous instruction indicated by 504 has been executed, the stack pointer (SP) points to an address <1 ) in the stack in mem- 
ory. When this subroutine call instruction is executed, control passes to the subroutine 520. At this point, an instruction 
for branching to a subroutine (call instruction), which is one of the dedicated stack pointer instructions of th.s embodi- 
ment is executed. When this instruction is executed, the value of the stack pointer (SP) is automatically ^eniented 
by -4(at (2) in Fig. 4) and the address for return to the MAIN program is stored in an area 544 of the stack that is indi- 
cated by the stack pointer <2 > . 

When the subroutine 520 starts executing, it first transfers the values that are stored in the general-purpose regis- 
ters R0 to R3 used by the MAIN program. Reference number 524 denotes a sequential push instruction (pushn) which 
is one of the dedicated stack pointer instructions that saves the values stored in the general-purpose registers R0 to R3 
to the stack. When this instruction is executed, the values stored in the general-purpose registers R0 to R3 are trans- 
ferred in sequence to the stack, so that they are stored in the stack 540 as shown at 550 in Fig. 4. When the execution 
ofthisprocessends(524(3)).thestackpointer(SP)isat546(<3)SP). nrtonr , B * 
The subroutine 520 then secures an auto-variable region to be used by the subroutine. An add instruction denoted 
by 526 is a stack pointer move instruction which is a dedicated stack pointer instruction that causes the stack pointer to 
move upward to secure a stack region to be used by the subroutine 520. When this instruction is executed. We stack 
pointer (SP) moves upward by X bytes to a location 548 (<4> SP) to secure an auto-variable region to be used by the 

subroutine, as stated in Note 2. 

Reference number 528 denotes processing that uses auto-variables and the general-purpose registers R0 to R3 
within the subroutine 520. At this point, the location of the sta* pointer is as indicated by <5> and the loading of the 
auto-variables is performed by using a dedicated SP load instruction that is one of the dedicated stack pointer mstruc- 

tro " S Reference number 529 denotes this SP load instruction that transfers an auto-variable SI that is stored in memory 
to the general-purpose register R1 . This auto-variable S1 is stored at a location that is offset by Y bytes from the stack 
pointer «5> SP). The stack pointer does not move during the above processing of the subroutine 528. so the memory 
address of the auto-variable is specified by the stack pointer plus the offset. This makes it possible to use the dedicated 
SP load instruction to fetch data to and from the general-purpose registers efficiently. 
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Before control returns from the subroutine 520 to the MAIN program 500. the values in me general w*e regis- 
ters R0 to R3 that were saved to the stack must be restored to the general-purpose registers R0 to R3 and the stack 
pointer must bereset to indicate the area 544 that contains the address for return to me MAIN routine, ms resettle 
stack pointer that was moved by the stack pointer move instruction of 526 back to its onginal hxation. A sub .nstiutf on 
indicated by 530 is a stack pointer move instruction which is a dedicated stack pointer instruction that moves the stack 
SSIlvSd When ^instruction is executed, the stackpointer moves to 546 «6> SP). The data 550 scored, 
me stack is restored to the general-purpose registers R0 to R3. Reference number 532 denotes a sequential pop 
instruction (popn) which is a dedicated stack pointer instruction that transfers data in the stack to the 9^-purpose 
registers ROto R3. When this instruction is executed, the values 550 stored in the stack are sequentially transfer^ I to 
the general-purpose registers RO to R3 so that they are stored in the stack 540 as shown at 550 in F,g. 4. When the 
execution of this process ends (532 (7> ). the stack pointer indicates 544 (<7> SP). 

Reference number 534 denotes a return instruction. When this return instruction is executed, control passes to the 
MAIN program. In this case, a return instruction (ret instruction) which is a dedicated stack pointer ms.ruct.on is exe- 
cuted by this embodiment. When this instruction is executed, control branches to an instruction locates the 
address for return to the MAIN program, which is stored in the stack area indicated by (7 ) SP. In other words the MAIN 
program 500 returns to the next instruction 507. The value of the stack pointer is automatically incremented by +4 to 
move it to the top area of the stack used by the MAIN program 500 (<8> SP in Fig. 4). 

The description now turns to details of each of the dedicated stack pointer instructs, as well as the arcurt struc- 
ture required for executing these instructions and the operation during such execution. 

(5) Stack Pointer (SP) Relative Load Instructions 

A C compiler creates object code that specifies that an auto-variable region is to be linked to the stack pointer More 
specifically, the C compiler acts as means for securing an auto-variable region that is Y bytes long, at an offset of X from 

1,16 Tv^wused fa illustrating the process of transferring auto-variables in memory to registers is shown in Fig. 5. In 
this figure, auto-variable a is wort data, auto-variables b and c are each half-word data, and auto-variables d to g are 
each byte data The stack pointer stored in the SP indicates 1000. which is the address 0, * het ^ ,on ^ ar ^ o ° n c ^ 
of the stack in which auto-variables are stored. An area of the stack at the memory address indicated by the 1 st £ 
pointer is secured as an area for holding the auto-variable a. Areas in the stack at memory addresses indicated by the 
stack pointer plus 2 and the stack pointer plus 4 are secured as areas for holding the auto-var.ables b and c, respec- 
tively. Similarly, areas in the stack at memory addresses indicated by the stack pointer plus 5. the stack pointer plus 6. 
the stack pointer plus 7. and the stack pointer plus 8 are secured as areas for holding the auto-var.ables d to g. respec- 
tively. During the execution of a given process, it may be necessary to transfer data between a general-purpose register 
and an auto-variable which is specified by a memory address that is the stack pointer plus an offset 

To enable the CPU of this embodiment to execute the above transfer processing efficiently with shorter object code, 
the following instruction set is provided as SP-relative load instructions that are some of the dedicated stack pointer 
instructions: 

ld.b%Rd.[%sp+imm6](1) 
W.ub %Rd, [%sp+imm6] (2) 
W.h%Rd.[%sp+imm7](3) 
H.uh %Rd, [%sp+imm7] (4) 
U.w%Rd.[%sp+imm8](5) 
W.b [%sp+imm6], %Rs (6) 
ld.h [%sp+imm7], %Rs (7) 
ld.w [%sp+imm8], %Rs (8) 

Instructions (1) to (8) are instruction codes created by an assembler. Instruction (1) sign-expands byte data and trans- 
fers it from the stack to a register, instruction (2) zero-expands byte data and transfers it from the stack to a register, 
instruction (3) sign-expands half-word data and transfers rt from the stack to a register, instruction (4) Zero-expands 
haff-word data and transfers it from the stack to a register, instruction (5) transfers word data from the stack to a register, 
instruction (6) transfers byte data from a register to the stack instruction (7) transfers half-word data from a register to 
the stack, and instruction (8) transfers word data from a register to the stack 

The operands r%sp+imm6], [%sp*imm7], and [%sp+imm8] each represent immediate offset datev A memory 
address is created by adding an offset that is created during the execution of the instruction on the basis of th.sj imme- 
diate offset data and the value of the stack pointer stored in the SP 14. ptsp+imme] is immediate offset data used when 
the size of the data in memory is bytes. ptep+immT] is that when the data size is half mortis, and t^P"™* 
when the data size is words Whichever size of data is used, it is written as 6-bit immediate offset data 61 4 in the obiect 
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code as will be described later with reference to Fig. 6A. If imm7 is used (in other ^^* eda ^ s " eis ^ p r * ) e 
nTev« the immediate offset data 61 4 is shifted one bit to the left during the execution of the .nstmcboa to .generate 
Set tobe added to thestack pointer. Similarly. H imm8 is used (in otf^er words, if the data «e« words), the .mme- 
diate offset data 614 is shifted two bits to the left, to generate an offset to be added to the stack pointer. 

In this case, the stack is a temporary storage region provided in memory and the above memory addresses can be 
used to spedfy the locations of. for example, auto-variables (a to g) wHhin the stack, as shown in Rg^ 5^ 

An exUJe of a bit field 610 of these SP-relative load instructions (1) to (8) e shown .n Rg. 6A. The SP-relative 
,oad £2. of Rg. 6A has 16 bits of object code comprising op code 612 (6 bits '^SSSSTSSSSZ 
tion is a transfer of data between memory and a general-purpose reg.ster. immediate . ^"1^ ot 

by immediate data, and a register number 616 (4 bits) specifying the register thahs to be , used ta ' M^™"* 
code612 corrprises common code indicating that this «*«>^«™»^«^^^*^,2r!i2!I 
specifying each of data size, sign expansion, and zero expansion. Since it is therefore *~J^^«J^^*™? 
Sons act upon the stack pointer stored in the SP 14. there is no necessity to specjy data relating to toe stack 
Ztorh the operands of the object code. The immediate offset data 614 is used for creat.ng anoffselfromtoesto* 
SrStortoteth^ 

S ons m to (5) the address (register number) 616 of the register that is involved in the transfer w, I conta.n the 
Z^M^&W^M. datatoat has been read out from the stack; with instructions (6) to (8). r, w,ll conta.n 
the number of the register that currently contains data to be written to the stack. 

a generaXurposeVegister when another general-purpose register is used as the stack po.nter (hereinafter called a 

ing that the operating function is a transfer of data between memory and a general-purpose ireg.ster. irnmediate offset 
dL 624 (6 bte) spe^ied by immediate data, a firat register number 620 (4 bits) s^^^^^ 

ter to be used as toe stack pointer, and a second register number 628 (4 bits) specrfying the register to* * t > be >used 
for the transfer. WRh a general-purpose microcomputer, the instruction length is in 8-brt un.ts. wh.ch gives 24-b,t or 32- 

^ ^cTr^gs. 6A and 6B shows object code for an instruction used when transferring data between a jgster and 
a memory address specified by adding an off set to the stack pointer. It is dear from these examples that a SP-relat.ve 
load instruction can be written with shorter object code than a general-purpose load '"strucbon. 

The description now turns to the configuration required for executing toe above 
occur during thte execution, taking as examples the instruction (5) that transfers word data from toe stack to a regjer 
Jnce toTs instruction reads word data from the stack to a register, it is hereinafter called an SP-elatjve load .nst uc*on 
for reading worn data) and the instruction (8) that transters word data from a register to the sto* (shim »th.s .ntf ruction 
writes JddatafrJaregisterto the stack, it is hereinafter called an SP^elatKra load .ret^ 

The hardware configuration necessary for executing the instructions will be desa.bedf.rst. usmg I J- 1 * rjr- 
ence Each of these insfructions is transferred over the l_DATA_BUS 94 from an external memory (ROM) 52 and .s 
^'toSinsfr^ondeccxfer^ 

nate (not shown in the figure) necessary for executing the instruction. The ^^^envBtorV p^aM 
ward logical shift on the immediate offset data 61 4 in accordance with the data size, generates to e ^ ng 
the execution of sign expansion or zero expansion, if necessary, and outputs the results to toe PB_BUS74^TheSP 14 
Ltainstoestockpoint*^^ 

adder 30. Anotherhput of the address adder 30 is connected to the PB_BUS74trat.san^ 

generator 22. An outout (ADDR) of the address adder 30 is connected to the external D_ADDR_BUS 96 by the DA sig- 

BCUOjus control unit) 60 controls the input and output of data to and from memory (RAM and ROM) 50 and 52 
(which includes toe stack area) and outputs READ and WRITE control signals in accordance with vanous request sig- 
nals that are output from the CPU (such as signals output to external buses). 

Thedescriplion first concerns the operation during toe execution of an SP-relative load -nstructron for reading word 

date When toe SP-relative load instruction for reading wort data is executed, the value of the stad^ pointer stored in the 
SP 1 4 is added to the offset created by toe immediate data generator 22 on the basis of the immediate offset data 614. 
to create a memory address for reading. Data is read from memory on the basis of this memory address and is trans- 
ferred to the general-purpose register specified by the register number 616 in tne ooiect cooe 
AflowchartillusfratingtoeoperationduringtheSP-relativeloadinsfrucbonfor^ 

At the start of execution of this instruction, the stack pointer stored in the SP 14 is outout to the XA.BUS 78 (step 
S210). An offset imm created by the immediate data generator 22 from the immediate offset data e then outout o toe 
PB BUS 74 (step S212). The address adder 30 adds the value on the XA.BUS 78 and the value .on i the PBJWS 74^ 
then outputs thrresuttant memory read address (ADDR) over toe DA signal line 84 to the D_ADDR_BUS 96 (steps 
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S214 and S216). A data read request signal from the CPU to the BCU 60 becomes active and executes e*emal 
memory read cycle (step S218). In other words, the BCU 60 follows the request sgnal to control toe reading of data 
from memory, using this read address as a memory address, and the output of the data to the D -DATA.BUS 98. The 
Z D.DATA.BUS 98 is output to the WW.BUS 76 over the DIN 

WW.BUS 76 is stored in the register (%Rd) having the register number specified by the 4-brt address 616 of the regis 
ler (Ra/Rs) that is specified in the instruction code for the transfer (step S222). 

The description now turns to the operation during the execution of an SP-relative load instruction for wrrtmg word 

d3ta When the SP-relative load instruction for writing word data is executed, the value of the stack, writer! stored in .the 
SP 14 is added to the offset created by the immediate data generator 22 on the basis of the immediate offsd hdata 614. 
tocreateamemory address for wrrfing to memory. The data stored in the general^ereg.ster spewed by the reg- 
ister number 616 in the objecf code is transferred to the areas in memory specified by that memory ^address 

Aflowchart illustrating the operation during the SP-relative load instruction for wribng wort data is sh own ,n F g & 
At the start of execution of this instruction, the stack pointer stored in the SP 14 is output to *ie XA.BUS 78 (step 
S230). An offset imm created by the immediate data generator 22 from the M eM is then output to toe 
pb BUS 74 fsteo S232) The address adder 30 adds the value on the XA.BUS 78 and the value on the PB.BUS 74. 

Memory write address (ADDR) over the DA signa. Hne 84 to to r D JJOJJL BJBJjjj 
S234 and S236). The data stored in the register (%Rd) having toe register number specf.ed by toe 4-brt abdress616 
of the reoister (Rs/Rd) that is specified in toe instruction code for the transfer is output to the PA.BUS 72 (step S238). 
Sate on toe PA BUS 72 ^output to the D.DATA.BUS 98 over the DOUT signal line 88 (step S240). A data wrrte 
request signal from toe CPU to the BCU 60 becomes active and executes an external memory wrrte cycle i (step ^ 
Mother words the BCU 60 follows the request signal to control toe operation of writing to memory the data that has 
been transferred to the D.DATA.BUS 98, using this write address as a memory address. 

25 (6) Stack Pointer Move Instruction 

Views used to illustrate the usage state of the stack in memory and the state of the stack pointer during each rou- 
tine of a Droaram that extends over a plurality of routines are shown in Figs. 9A to 9F. 
^estot^ 

of a given process 'a' 21 1 of a MAIN routine 210 of Fig. 9A are shown in Fig. 9D. Reference number 222denotes a stack 
reglol Stobe used by toe MAIN routine 210. and toe stack pointer indicates a higher address 232 of toe region 

222 

A SUB1 routine 212 of Fig. 9B is a subroutine that is called and executed from the MAIN routine 210. The states of 
the stack region in memory and the stack pointer (the value stored in toe SP 14) during toe e^ncU gwenp«)cew 
to 213 of the SUB1 routine 212 are shown in Fig. 9E. Reference number 224denotes a stackregion that is to be used 
by the SUB1 routine 21 2, and toe stack pointer indicates a higher address 234 of toe region 22* 

A SUB2 routine 214 shown in Fig. 9C is called and executed from the SUB1 routine 212. The states of the stack 
region in memory and the stack pointer (toe value stored in the SP 14) during the execution of a grven process c 215 
ofthe SUB2 routine 214 are shown in Fig. 9F. Reference number 226 denotes a stack region that is to be used by toe 
ao SUB2 routine 214. and the stack pointer indicates a higher address 236 of the region 226. 

When execution extends over a plurality of subroutines in this manner, the stack region used by each routine 
moves, so that the valueof toe stackpointer is moved as appropriate to toe top of 

To enable the CPU of this embodiment to execute this movement of the stack pointer effiaert > short* object 
code, the following instruction set fe provided as stack pointer move instructions that are some of the dedicated stack 
« pointer instructions: 



30 



35 



SO 



55 



add%sp.imm12(9) 
sub%sp,imm12(10) 



Instructions (9) and (10) are instruction codes created by an assembler. Instruction (9) is an 'mmediate data add 
instruction for toe stack pointer stored in toe SP 14 and instruction (10) is an immediate date subtrad.nstru^on for this 
stack pointer. The operand imm12 is 32-bit data obtained by shifting the 10-bit immediate data by two bits leftward then 
subjecting it to zero expansion. It is used for operations with toe stack pointer that is stored in the SP 14. 

A bit field 630 of the stack pointer move instructions (9) and (10) is shown in Fig. 10A. The stack pointer move 
instruction of Fig. 10A has 16 bits of object code comprising op code 632 (6 bits) indicating whether the sedate for 
the stack pointer stored in the SP 14 is an addition or subtraction and immediate data 634 (10 b.te).This op code ,632 
comprisescommon code indicating that this is a stack pointer move instruction that acts upon toe SP 14 and different 
codes specifying either addition or subtraction. Since it is therefore clear from toe op code that these instructions cper- 
atod upon toe stock pointer stored in toe SP 14. there is no necessity to specify data relating to the stack pointer in toe 
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operands of the object code. The immediate offset data 634 is used for creating an offset for subtracting from or adding 

t0 ^Bv wav comparison Fig. 10B shows an example of a bit field 640 of object code of an add/subtract instruction 
when a geneX^egil is used as the stack pointer, (hereinafter called a general-purpose ca.culaf.on .nstruc- 

^The general-purpose calculation instruction of Fig. 10B has 20 bits of object code comprising op code 1 642 !(6 m 
indicating thaTth? operating function is a addition or subtraction of immediate data to or from a ^ " • .•"T*"' 
^S er JmmeSiate dL 644 (1 0 bte). and a register number 6« 

upon. W.th a general-purpose miaocomputer. the instruction length .s .n 8-b.t unrts, which g.ves 24-b.t or 32*,t 

^chd Figs. 10A and 10B shows object code for an instruction used when adding a. ^acting , immedjtt > data 
to or from ttie stack pointer. It is clear from these examples that a stack pointer move .nstruct.cn can be wntten wrth 

oJEESZSZ. tawng as an example the instruction (9) that adds ^^^^SSSi 
Sed an add stack pointer move instruction) and the instruction (1 0) that subtracts .mmed,ate data from the SP (here 
inafter called a subtract stack pointer move instruction). j4 . „ . 

Thfh^re configuration necessary for executing the instructions will be descnbed first using Fig 1 tor refer- 
ence EaS^e^So^ ^transferred over the l_DATA_BUS 94 from an externa, memory (ROM) 52 and .s 
n^toSi^o^ 

na^s (not shown inthefigure) necessary for executing the instruct.cn. The ,mmed.ate data 9enerator22 ^P"*™" °9 
ica. shift by two bits to the left on the 10 bits of the immediate data 634. subjects ,,, , tc .zero 

th«, pa ri i<5 72 The SP 14 contains the stack pointer, and that value is output to the XA.BUS 78. The XA_but> /» is 
££££ L pI bus 74 which forms an input of the ALU 40. Another input of the ALU 40 is connejed to *e 
pT bS 72 that is an output of the immediate data generator 22. The output of the ALU 40 ,s connected to the 
WW BUS 76 This WW BUS 76 is connected to the input of the SP. ....... 

The deSription f irsTconcems the operation during the execution of the add stock pointer move 

When the add stackpoimermoveinstructionis executed, the va^ 
to the offset created by the immediate data generator 22 on the bas.s of the .mmed.ate offset data 634. to create a new 
stack pointer. That value is stored in the SP 14. (hiuin . - 

Aftowchart illustrating the operation during the add stack poimer move instruct™ » shown m Fig. 1 1 

At the start of execution of this instruction, the stack pointer stored .n the SP 14 .s output to the XA.BUS 78 ^(step 
S25oTSedateon^eXA BUS 78 is output to the PB.BUS 74 (s1epS252). Move immediate data. mm cr«^ 

adds the value on the PB BUS 74 and the value on the PA.BUS 72. and outputs the result to the WW.BUS 176 fe>tep 
S256] T?he^ueonthewVv BUS76ismeninpu1totheSP14(stepS258).Thedescr.ptonnowturnstotheoperatpn 

during the execution of the subtract stack pointer move instruclion. immediate 
When the subtract stack pointer move instruction is executed, the move ,mmed.ate data created by the ^med.ate 
data^nerator22o nt ^ 

SP 14 to create a new stack pointer. That value is stored in the SP 14. . . u • 10 

A flowchart illustrating the operation during the subtract stack pointer move ™JV^^£ ™ BUS 78 (step 
At the start of execution of this instruction, the stack pointer stored in the SP 14 is output to the X£ BUS 78 (s ep 

S260). The data on the XA.BUS 78 is then cutout to the PB.BUS 74 (step ^^^^SSSSti 

ku tho immftriiflte data aenerator 22 on the basis of the immediate data is output to the PA_BUS 72 (step bZ64). me 
the L PA.BUS 72 from the value on the PB.BUS 74. and outputs the result to the 

WW.BUS 76 (step S266). The value on the WW.BUS 76 is then input to the SP 1 4 (step S268). 

(7) Branch Instruction 

A view illustrating program execution control during the call and ret instructions is shown in Fig. 13. During a MAIN 
routing S S Eg 13, a call instruction (302) is executed to branch to a subroutine SUB 310. so that control 
paies I ^fr ro le 9 SUB 310. A ret instruction (312) is placed at the end of the -^^J"^ 
is Executed the flow returns to the next the instruction (304) after the call instruction (302) of the MAIN, routine 300. 
- " -ThS * e™££ te executed in the sequence (1 ) . <2> . then (3) in Fig. 13. At the end of the execution of J* 

atter the call instruction (302). This makes it necessary to recort the address of the return 
when a branch occurs totoe subroutine SUB 310. For that reason, the return destination address ; is saved to he sto* 
as shown in Fig. 4 during the execution of a branch instruction that branches to a subroutine such as the call mstruc 
tion the rlturn destination address is returned from the stack to the program counter during the execution of a 
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branch instruction that returns from a subroutine, such as the ret instruction (this process is hereinafter called saving 
and restoring the program counter). . , ^ ^ 

Wrth a prior-art RISC CPU, the process of saving and restoring the program counter .s done by software so thatrt 
is neceLry to provide object code (assembler instructions) for executing this processing * e ^^* * 
inTtnS such as the call instruction. For example, it is necessary to provide object code <?^"£«"2£ 
dementing the stack pointer by an amount equivalent to the word ^W^J^JT^^T^^S^ 
X^Z the address of the next instruction after the call instruction in the stack on the bas.s of the value .n the program 

""Te CPU of this embodiment, however, has a hardware configuration that enables Ihe saving and restoration of ihe 
Drooram counter when the call or ret instruction is executed. It is therefore not necessary to provide object code (assenv 
blSuSmamvesarxJrestore^ 

^"to enable the CPU of this embodiment to execute this process of saving and restoring the prograrr V^r by a 
single ' SSon. the following instruction set is provided as branch instructions that are some of the defeated stack 
is pointer instructions: 

call sign9 (11) 
call %Rb (12) 
ret (13) 
20 reti (14) 
retd (15) 
irrt imm2(16) 
brk(17) 

instructions (1 1) to (17) are instruction codes created by an assembler. Instruction (11) is a PC-relative subroutine 
Son which uses he program counter (PC) as a base address, to branch in a relative manner to a branch dest,- 
of Sr^s on the basis oTthe displacement data sign9 specified as the operand. Instruct-on (12) .s a reg,stennd, 
rS suSuS call instruction which branches to the branch destination address contained wrthm the register ^ecjed 

tmJSZ^**** processing routine. Instruction (15) is an instruction for return from a debugs , prc^ss- 
Sine Inaction 06) is a software interrupt instruction. Instruction (17) is a software/debugg.ng .nterri*t .nstruc- 

^ An example of a bit field 650 of the PC-relative subroutine call instruction (1 1) is shown in Fig 14. The PC- relative 
subroutine call instruction of Fig. 1 4 has 1 6 bits of object code comprising op code 652 (8 txts) .nd.cat.ng thatthe^ oper- 
SSo^ sTcaTin^ructici that branches to a subroutine with a branch destination address ^ ^speof «d rela- 
tTuST-ie l^ram counter as a base address, and displacement data sign9 (8 bits) — 
data During theexecution of thte command, the 8-bit Mediate data is shmedlog.cally by one brt to the left then ,ssub- 

^e SuSembodiment is capable of saving the program counter to the stack at the execution of the call 

40 '^eT^SSote 9 cXraS r^uirexi for executing the above Auctions and the ^rations that 
ocJlCtiS«e2tion, taking as examples the PC-relative ^routine call instruction (1 1) as an instruction for 
branching to a subroutine and the return instruction (13) as an instruction for returmng from the sub'^ne. 

The hardware configuration necessary for executing the instructions will be descnbed f.rst us.ng F.g. 1 for refer- 
m ence EaSTti^SSTs is transfened over the l_DATA_BUS 94 from externa, memory (ROM) 52 and ,s .nput 
to Te insfruSon^ecoder 20. The instruction is decoded by the instruction decoder 20. which outputs vanous signals 
nofshown S the figure) necessary for executing the instruction. The immediate data generator 22 perform a log.ca. 
shift by one bit to theleft on the displacement data 654, subjects it to sign ^m™*™**^^**^ 
displacement imm. then outputs the result to the PB.BUS 74. The SP 14 contains »e stack p«nter art 
ou?ut to the XA BUS 78 which is connected to an input of the address adder 30. Another input of the address adder 
30is Tconnectedto the PB.BUS 74 that is an output of the immediate data generator 22. An output (ADDR) of the 
address adder 30 is connected to the external l_ADDR_BUS 92 by the IA signal line 82 

The I ADDR BUS 92 and l_DATA_BUS 94 are connected to the ROM 52 in which .s stored the insfructoon object 
code. The'bus control unit (BCU) 60 outputs READ control signals that read this instruction object code irorn , the mem- 
ory (ROM) 52 in accordance with various request signals that are output from the CPU (such as agnate output to exter- 

^ description first concerns the operation during the execution of an PC-relative subroutine call instructtoa 

When the PC-relative subroutine call instruction is executed, the value of the program C0 " rt ^ s, ^ n p t ^.^JL 
is saved to the stack as described with reference to Fig. 4. and the value of the stack pomter stored m the SP 14 .s dec- 
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remented by the word size (4). A branch destination address obtained by adding the program counter and the 32-bit 
immediate data displacement is set in the PC 12. 

A flowchart illustrating the operation during the PC-relative subroutine ^.instruction is shown ,r .F» 1& 
At the start of execution of this instruction, the stack pointer stored in the SP 14 .s output to the XA.BUS 78 (step 
S270? mTrZ onetput of the address adder, and constat data (-4) created by the immediate data generator 22 
Sthe olher input of the address adder 30. The constart -4 is added to me «lue of the stack porter on the ^ 
Sthe Sadder 30 to create a write address to the slack for storing the return address, and the resuft.s output 
to me W rSTw This write address is output to the D.ADDR.BUS 96 (step S272). The value of ft-PW"^ 
« stored To the PC 12 is incremented by 2 by the PC increment* 44 to create the return address and the , resun « 
output to the D DATA BUS 98 over the DOUT signal line 88 (step S274). A data wrrte request signal torn to .CPU I to 
mVBCU 60 becomes active and executes an external memory write cycle (step S276). In other word* the BCU 60 fol- 
lows the request signal to store this return address in the stack provkled in memory. us.ng tins wrrte address as a mem- 

° fy ThllSje on the WW.BUS 76 is then output to the SP 14 (step S278). In other words, the value of the stack pointer 

JSC "logical shift by one brt to the left on the displacement data 654. subjects it to sign expans,on to 
S a ££ immedSe data displacement imm. then outputs the resuK to the PB BUS 7* The m . **r» 
adds the program counter on the XA.BUS 78 and the immedate data displacement 

a branch address (ADDR), then outputs that address over the IA signal line 82 to the I.ADDR.BUS 92 (step S282)^An 
msTrtSion read request sign* from the CPU to the BCU 60 becomes active and executes a read cycle w,th respect to 
the external memory (ROM) 52 to fetch the object code of the branch destination instruction (step S284). 
The operation during toe execution of the ret instruction will now be described. 

MMMil is executed, the ^^P^^^^^^TZSS^Z 
PC 12. and the value of the stack pointer stored in the SP 14 is incremented by the word s.ze (4). as described with 

reference to Fig. 4. 

A flowchart illustrating the operation during the ret instruction is shown in Fig. i b. 

Before this instruction is executed, the stack pointer stored in the SP 14 indicates the address in the stack contain- 
ing the destination address for return from the called routine. 

At the start of execution of this instruction, the stack pointer stored in the SP 14 is output to the XA.BUS 78 (step 
S290^eW Sum on the XA.BUS 78 is then output to the D.ADDR.BUS 96 (stepS292 . A dtt i read reques 
siqna from the CPU to the BCU 60 becomes active and executes an external memory read cycle. In other words, toe 
ecu 60 follows the request signal to read the return address from the stack provided in memory, using toe stack pointer 
as\™r^ 

toe CPU from toe D.DATA.BUS 94 over toe DIN signal line 86. then is output from J» DIN 

I ADDR BUS 92 over the IA signal line 82 (step S294). An instruction read request signal traritoe CPUtothe BCU 60 

becomlactive and executes a read cycle with respect to the external memory (ROM) 52 to fetch toe object code of 

the return destination instruction (step S296). -^*./ 
ThevalueofthesteckpoirterontheXA_BUS78isoneinputoftoeaddressadder30.andconsta^ 

ated by the immediate data generator 22 forms the other input of the address adder 30. The constant ****** 
toe value of the stack pointer on the XA.BUS 78 by the address adder 30 »^*J^%^™«* 
stack region secured by the return destination routine, and the result is output to the WW.BUS 76 (step S298) Jhs 
addresson the WW.BUS 76 (the address of the top area of the stack region secured by the return destination routine) 
is then output to the SP 14 (step S300). 

(8) Description of Sequential Push Instruction (pushn) and Sequential Pop Instruction (popn) 

As described previously, it has recently become common to have a configuration with a large number of internal 
general-purpose registers, particularly in RISC CPUs, to enable processes to run rapidly within the CPU itself, without 
having to access memory. The CPU of this embodiment incorporates 16 general-purpose registers, designed to 
increase the speed of processing. However, if there are so many internal registers, the contents of a large number of 
registers have to be saved during processing that saves and restores registers when an interrupt occurs or a subroutine 

is called * * 

VVhe'ntoeoonlents of these registers are saved or restored in the prior art. a push instruction for storing the con- ■ 
tents specified by an address or a pop instruction for fetching the contents of the stack to a register is used. The actions 
of these oidinary push and pop instructions will now be described. «, A M<-,o-~i 

The actions performed during the execution of push instructions are shown schematically in Figs. 17Aand 17Band 
toe actions during the execution of pop instructions are shown schematically in Figs. ISA and 18B. The actons per- 
formed when date is transferred between a plurality of general-purpose registers and the stack will now be described. 
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with reference to Figs. 1 7 A, 1 7B. 1 8A. and 1 8B. 

Fir, 1 7A shows the actions when a 'push R1 1 instruction is executed, to write the contents of a general-purpose reg- 
ister R1 to *SSXSLSi of this instruction, the contents of the SP 14 are updated by •» 
ot/from^i 

written to 996 which is the memory address indicated by the updated stack pointer in the SP 14. 

Fta 1 7^hoTthe actions when a "push R2' instruction is executed to further write the contents of a general-pur- 

R2 are written to 992 which is the memory address indicated by the updated stack pointer in the SP 14. 

ournose reoister R2 During the execution of this instruction, the contents V stored at the memory address 992 nd. 
£^!H*p*£! me SP 14 are fetched and stored in the generai-purpose register R2. The contend of the 
S H^ruStXiSe addition of 4 to the cunent value (the pre-execution value of 992 in F,g. 18A ,s updated to 

"^Finally F.g 1 8B shows the actions when a 'pop R1 ' is executed to further fetch the contents of the stack to the gen- 
eral-Dumos I register mDuring the execution of this instruction, the contents * stored at the memory address 996 
SSmSSSa pointer n the SP 14 are fetched and stored in the general-purpose register R1 . The contents of 
£3 U are up5 iSZtm addition of 4 to the current value (the pre-execution value of 996 in Fig. 18B is updated 

,0 '°Sen data is transferred between a plurality of general-purpose Asters and the stack in Jisexarrple ^ 
art itis necessary to execute push or pop instructions a plurality of times. This is because each execution of a push or 

thestertoan^^^^ 

S tl^i^ ^e number of execution steps in the program will also increase, .eading to delays* the execution 
time or processing of the program. 

The following instruction set is provided for the CPU of this embodiment: 

pushn%Rs(18) 
popn%Rd (19) 

induction Mffl is a seouenlial push instruction created by an assembler. It sequentially pushes the contents of n gen- 
eral 2 rlgLemThe^e n fe an integer from t to 16) from%Rs to R0 onto the stack Instruction (19) is a sequen- 

SSm tne steS art pushes them into general^urpose registers %Rd to R0. Each of the pushn and popn instruc- 
to TconlSsX ^ an operandi operand %Rs of the pushn ^ction ^^SSS^ 
Rs when data is to be wrmen to the stackfrom registers %Rs to R0. The operai^ 
the reoister number of Rd when data is to be taken from the stack and written to registers R0 to %Rd. 

indicating 7%teor%M any of the 16 general^urpose registers can be spedfied. When data is to be transferred 
between a soecial reqister and the stack, it is transfened via a general-purpose register. 

t^S^SL habere configuration required for executing the sequential push .ns^^shn)or 
sequential pop instruction (popn) is shown in Fig. 20. Portions necessary for the descnption of the sequentialpush 
nSfn Sshn and seqSial pop instructs (pcpn) are extracted from F*. 1 and further "W^J^ 
added. Portions that are the same as those in Fig. 1 are given the same reference numbers. In**f«ure^erence 
number 11 denotes 16 general-purpose registers called RO to R15. These generai-purpose registers 1 1 transfer data 
£ 2S fr om SSU STregisS selection address *gna« 54 for selecting a ^J^f^ 00 ^ 
circuit block 45. The stack pointer is stored in the SP 14. The value in the SP 14 can be output to ^-^DR-BUS 
Z and Tt^irrern^resTbus (XA BUS) 78 that is connected to an input of the 32-brt address adder 30 Another 
Su^addressadde^ 

put of the address adder 30 is held by a latch (Add_LT) 32. then is further oulput to the XA BUS { 7 *"*^-™* 
76 The WW BUS 76 is connected to the input of the SP 14. There is a 4-bit counter (countx) 46 in the control crcuit 
WocTTsTcourt I the number of registers involved in the data transfer. The control circuit block 45 .s further prowled 

tion and also outputecontrol signals in accordance with instructions from the instruction decoder U *, 
enceTumber 60denotes a bus control unit (BCU) that controls the input and output of data to and from external 
memory (RAM) 50. which includes the stack area and outputs READ and WRITE control signals. 

The description first concerns the operation during the execution of a sequential push instruction (P"shn). 

wTn^sequential push instruction (pushn) is executed, the contents stored in the general-purpose registers are 
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sequentially pushed into the stack, starting with the register with register number %Rs to general-purpose register TO. 

as described previously with reterence to Fig. 4. 

A flowchart illustrating the operation during the pushn instruction is given in Fig. 21. ^ AC ic 

At toe start of execution of the pushn instruction, the offset of a offset signal 24 te -4. The counter (countx) 46 K 

cleared to zero and the stack pointer stored in the SP 14 is output to the XA BUS 78 (step SlOflL 

The address adder 30 then adds -4 to the value on the XA.BUS 78 and .nputs the resuft to the latch (AddJX) 32 

(SteP Th?value in the latch (Add LT) 32 is then output to the DADDRBUS 96. The difference between the value of 

Jol circurt bio* 45 and output to the register selection address signal 54. The register selected br his agr*n * * 
linked to the D DATA BUS 98 and a write is performed with respect to the external memory (RAM) 50 step S102). 

in a Sep S103. toe counter (countx) 46 is compared with %Rs. If they match, the wrrtmg of regis «s to external 
memory has been competed and the execution of the pushn instruction ends by the writing of the value m the latch 
fAdd m 32 to the SP 14 through the WW_BUS 76 (step S104). .„«,„. 
( .Ttoly L nS^tch. the counter (countx) is incremented by 1 . the value in the latch (AddJX, 32 is output to the 
XA BUS 78. and the processing from step S101 onward is repeated (step S105). 

"The operation during the execution of a sequential pop instruction (popn) will next be descried, 
v^en a seauential pop instruction (popn) is executed, the contents of the stack are sequentially pushed from the 
geneXrposI regSo to the geneSpurpose register with register number %Rd. as described above with refer- 

encetoFig. 4. . . . 

A flowchart illustrating toe operation during the popn instruction is shown in Fig. 22. _ _ . 

A. the start of execution of the popn instruction, the offset of a offset signal 24 * ^ counter (county 46 s 
cleared to zero and the stack pointer stored in the SP 14 is output to the XA.BUS 78 and the D_ADDR_BUS 96 (step 

S1 1 The address adder 30 then adds 4 to the value in the XA.BUS 78 and inputs the result to the latch (Add.LT) 32 

^ArTelcternal memory read cycle is then performed. The thus-read data is written to the general-purpose registers 
1 1 through the D_DATA_BUS 98. During this time, the counter (countx) 46 is output to the register selection address 
signal 54 by the control circuit block 45 (step S1 12). . momnni ^ 

In a step S113. the counter (countx) 46 is compared with %Rs. If they match, the reading from exte ™l memory! J 
registers has been completed and the execution of the popn instruction ends by the writmg of the value in the latch 
(Add LT)32totheSP14throughtheWW_BUS76(stepS114). 

Ifthey do not match, the counter (countx) is incremented by 1. the value in the latch (AddJJ) 32 is outout to the 
XA BUS 78 and the D_ADDR_BUS 96. and the processing from step S1 1 1 onward is rep eated (step 81 risy 

"Thus the "pushn %Rs' instruction makes H possible to write data from reg,sters %Rs to R0 to the stock ^and the 
•popn %Rd instruction makes it possible to return the necessary number of data items from the stack to registers R0 to 
%Rd. Thus data from registers R3 to R0 can be pushed by the execution of 'pushn %Rs\ for example. 

Afurther increase in efficiency is achieved in thiscaseby the addition of a restricton over toe way. n which register 
are used. In other words, the saving and restoration of register is particularly necessary when a program branches to 
another routine, such as during interrupt processing or when a subroutine is called. It is preferable tha each routine 
called in such a case, such as another interrupt routine or subroutine, uses the registers in ^nce from R0 ^Thjs 
ensures ttat the cherts of registers can be effidently saved or restored 

tion. without having to include registers from R0 to Rd or Rs that contain data that does not need ^ ^.^1 of the 
registers in this embodiment have fhe same functions, and there are no other restrictions on toe usage of registers and 
the instruction, so that this restriction solves the above problem without causing further problems. 

Therefore, use of toe pushn instruction and popn instruction of this embodiment makes n poss.ble to implement effi- 
cientsaving of data from?egisters to toe stack in memory and toe restoration of data .from £e stack £ registers by a 
single instruction of either pushn or popn. This minimizes the object code size and he number o program ^exearton 
steps, and also means that the number of execution cycles can be reduced to a single .nstruction fetch and the neces- 
sarV number of data transfers, enabling a minimization of the number of cycles. This makes it possible to increase the 
speed of interrupt processing routines and subroutines. ... .. ic 

Since the structural elements required for this execution are a count means and a simple sequence cortroHer it is 
possible to implement a data processing circuit with a small number of gates, so that this invention can be applied to a 

: ^ The abo3eS5on concerned the configuration required for executing the sequential push instruction (pushn) 
and sequential pop instruction (popn) when a dedicated stack pointer register is used as the SP 14. but it should be 
obvious to those skilled in toe art that toe present invention can also be applied to a structure in which any general-pur- 
pose register is used as the stack pointer. 
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Embodiment 2 

A block diagram of the hardware of a microcomputer in accordance with this embodiment is shown in Fig. 23. 
This microcomputer 2 is a 32-M microcontroller that comprises a CPU 10; ROM 52; RAM 50; a high-frequency 
oscilSionTcS^^ 

^controller 800; a serial interlace 810; a bus control unit (BCU) 60; an NO ^^ Q ^ 0 '^^^ 
port 850; an output port 860; and an I/O port 870; as well as various buses 92. 94. 96. and 98 that are connected 
to these components and various pins 890. 

The CPU 10 has an SP that is a dedicated sta* pointer register, and it decodes and executes the dedicated stack 
pointer instructions as described above. This CPU 10 has the same configuration as that of the prev,ously described 
Embodiment 1 and it functions as a decoding means and execution means. ... ari 

Vhe microcomputer of this embodiment can therefore enable efficient coding and executon of processes that act 
uDon the stack pointer, with short instructions. . 

The processes of saving and restoring registers can also be coded efficiently, so that .nterrupt processing and sub- 
routine call/return can be performed rapidly. . „, . oe . . 

The microcomputer of this invention can be applied to peripheral equipmem for persona^mpu^^ 
ers. or electronic equipment such as portable appliances, for example. Such applicattons of the invention ™^ pos- 
stole to provide intensive, but sophisticated, electronic equipment that is facilitated by a data processing arcurt that 
has a fast processing speed and a highly eff icient usage of memory. l^o^^h 

Note that this invention is not to be taken as being limited to the above descnbed embodiments; rt can be embodied 
in various other ways. 

Claims 

1 . A data processing circuit comprising: 

a dedicated stack pointer register that is used only for the stack pointer; 

decoding means for decoding object code of a group of dedicated stack pointer instructs which have ob]ect 
code specifying said dedicated stack pointer register as an implicit operand and which 'etetetoprKesina 
based on said dedicated stack pointer register, and for outputting a control signal based on said object code; 

^Lotion means for executing said group of dedicated stack pointer instructions based on said control signal 
and the contents of said dedicated stack pointer register. 

2 The data processing circuit as def ined in claim 1 . wherein said group of dedicated stack pointer instructions com- 
prises a load instruction having data for specifying a transfer register within object code; 

said decoding means decodes said toad instruction; and 

said execution means performs at least one of a transfer of data from a given first area in memory to a given 
first register and a transfer of data from said given first register to said given first area, based on a memory 
address specified by said dedicated stack pointer register and a register address specified by said data for 
specifying a transfer register, when said load instruction is executed. 

3 The data processing circuit as defined in claim 2. wherein said load instruction comprises offset data within said 
object code that is data relating to an offset for specifying the address of said first area in said memory; and 

said execution means determines said memory address according to the contents of said dedicated stack 
pointer register and said offset data. 

4. The data processing circuit as defined in claim 3. wherein said offset data comprises immediate offset data and 
data size information relating to the size of given data in memory; and 

said execution means creates an offset by performing a leftward logical shift on said immediate offset data, 
based on said immediate offset data and said data size information, and determines said memory address Dy 
adding said offset to the contents of said dedicated stack pointer register. 

5. The data processing circuit as defined in any one of claims 1 to 4, 
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wherein said group of dedicated stack pointer instructions comprises a stack pointer move instruction for hav- 
ing move data within the object code thereof and for moving said stack pointer; 
said decoding means decodes said stack pointer move instruction; and 

said execution means modifies the contents of said dedicated stack pointer register based on sad move data 
when said stack pointer move instruction is executed. 

6. The data processing circuit as defined in claim 5, wherein said move data comprises immediate data for said stuck 
pointer move instruction; and 

said instruction execution means performs at least one of a process of adding said immediate data for said 
stuck pointer move instruction and the contents of said dedicated stack pointer register and a process >of sub- 
M*? said immediate data for said stuck pointer move instruction from the contents of sa.d dedicated stack 
pointer register. 

7. The data processing circuit as defined in any one of claims 1 to 6. further comprising: 

a plurality of registers provided in a contiguous sequence; ^i„i„«Ki«e»r..r 
vvhereinLd group of dedicated stack poimer auctions 

tor and a sequential pop instruction having data for specifying a plurality d registers in the *ject code thereof. 
saWdTcS 

2w Suction execution means performs at least one of a process of executing a plurality ^sequential 
pushes of data from said p^uralrty of registers toastack proved in memory and^ 

rality of sequential pops of data from said stackto sad plurality of registers. toed f fte ^^^ a r "^ 
address spedfied oysad dedicated stack pointer register and said data for specrfying a puralrty of egisters, 
during theexecution of at least one of said sequential push instruction and sad sequential pop instruction. 

8. The data processing circuit as defined in daim 7. further comprising: 

n aeneral-ourpose registers specified by register numbers 0 to n-1; 
2re^ 

prises a final register number to which one of said register numbers .s specified, as sad data for specifying a 

Sex'ectZ^^^ at least one of a process of executing a plurality of . sequent*! i ofdate 

So a stack provided in memory from a plurality of registers starting from register 0 to a * 
sadfinal register number and a process of executing a plurality of ^ uentel 0 date ^ 
Plurality of Yegiste* starting from register 0 to a register specified by sad final register number, based on the 
contents of a memory address specified by sad dedicated stack pointer register. 

9. The data processing circuit as def ined in daim 7 or 8. 

wherein said execution means comprises: 

write means for writing the contents of a given register that is one of sad plurality of registers to a stack 
provided in memory, based on a memory address specified by sad dedicated stack pointer register; 
number^f-times-written count means for counting the number-of-times-written of sad write means; and 
comparison means for comparing said number-of-times-written counted by sad count means with the 
value of said data for specifying a plurality of registers; 

wherein said write means comprises: 

write memory address generation means for adding a first input and a second input by an adder, and for 
generating a write memory address for specifying a write destination; „„ n(ante hi „W 

first input control means tor provdirtg control-such that the first input of sad adder is the contents of sad 
dedicated stack pointer register at the start of execution of a sequential dedicated instruction, and is a write 
address generated subsequently by a write address generation means; 

second input control means for outputting an offset used during the writing of one wort from said stack to 
the second input of sad adder; and 

write means for writing to sad stack the contents of a register specified by subtraction processing which 
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uses said data tor specifying a plurality of registers and said number<rf-times^itten. based on said write 

whereby thewrifing of the contents of said plurality of registers to said stack and the ending of said writing 
are controlled based on the comparison result of said comparison means. 

10. The data processing circuit as defined in any one of claims 7 to 9. 
wherein said instruction execution means comprises: 

read means for reading the contents of a stack provided in memory based on a memory address specified 
bTsaid dedicated stack pointer register, and storing said contents in a given reg.ster of sa.d plurality of reg- 

isters i 
number-of-times-read count means for counting the number-of-times-read of said read means: and 
comparison means tor comparing said number-of-times-read counted by said count means wrth the value 
of said data for specifying a plurality of registers; 

wherein said read means comprises: 

write memory address generation means for adding a first input and a second input by an adder, and for 
generating a write memory address for specifying a write destination; 

firet input control means tor prodding control such that the first input of sad adder is the contente of sari 
dedicated stack pointer register at the start of execution of a sequential dedicated instructs, and is a read 
address generated subsequently by a read address generation means; 

second input control means for outputting an offset used during the writing of one word from said stack to 
the second input of said adder; . eQW 

read means for reading the contents of said stack based on said read memory address and storing sari 
contents in a register specified based on said number-of-times-wrrtten: „^ K oe^« n 
whereby the reading of the contents of said stack and the ending of said reading are controlled based on 
the comparison result of said comparison means. 

11. The data processing circuit as defined in any one of claims 1 to 10. further comprising: 

a program counter register used only for the program counter; . . 

wherein said group of dedicated stack pointer instructions comprises branch instructions that are an instrucbon 
for branching to a subroutine and a return instruction from said subroutine; 
said decoding means decodes said branch instructions; 
said instruction execution means comprises: 

means tor executing at least one of a process of saving the contents of said program counter register to a 
given second area of said stack provided in memory and a process of restoring the contente o sad sec- 
ond area to said program counter register, based on a memory address specified by sa<d dedicated stack 

pointer register, during the execution of said branch instruction; and 

means for updating the contents of said dedicated stack pointer register based on said saving and resto- 
ration. 

12. Adata processing circuit comprising a plurality of registers provided in a contiguous sequence and a stack pointer 
allocated to one of a plurality of general-purpose registers, said data processing circuit further compr.se. 

means for decoding object code of an instruction that is at least one of a sequertial push insti -ucttor .and 
sequential pop instruction that each have data for specifying a plurality of registers within object code and for 
outputting a control signal on the basis of said object code; and , „„, a « mm 

means for performing at least one of a process of executing a plurality of sequential pushes of date f rami wd 
plurality of registers to a stack provided in memory and a process of executing a plurality of ^"^l pops of 
data from said stack to said plurality oi registers: based on said control signal, the contente id f a mernory 
address specified by said dedicated stack pointer register, and said data for specifying a pluralrty of refers, 
during the execution of at least one of said sequential push instruction and said sequential pop instruction. 

13. The data processing circuit as defined in any one of claims 1 to 12. wherein said circuit uses instructions of a 
reduced instruction set computer. 
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14. The data processing circuit as defined in any one of claims 1 to 13, wherein: 

a fixed-length instruction is decoded and execution is based on said fixed-length instruction. 

15. A miCTOComputer comprising the data processing circuit as defined in any one of claims 1 to 14, storage means, 
and input and output means for inputting data from and for outputting data to external devices. 

16. TTie miCTOComputer as defined in daim 15, 

wherein a program that is executed thereby uses a program language that secures a storage region for auto- 
variables by using said stack pointer. 

17. Electronic equipment comprising the microcomputer defined in claim 15 or 16. 
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FIG. 3 
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FIG. 6A 
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FIG. 7 
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FIG. 8 
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FIG. IOA 



Stack pointer move instruction 
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FIG. II 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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FIG. I7A 
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FIG. I8A 
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FIG. 19 
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FIG. 21 



Flowchart of pushn execution 
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FIG. 22 



Flowchart of pop execution 
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FIG. 23 
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